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,QIOXHQFHRIWKHGRPLQDQWWKLQNLQJVW\OHLQWKHGHJUHHRIQRYHOW\RI
GHVLJQVLQYLUWXDODQGWUDGLWLRQDOZRUNLQJHQYLURQPHQWV
$EVWUDFW
2QH¶VWKLQNLQJDQGUHDVRQLQJVW\OHGHILQHVLQGLYLGXDOSUHIHUHQFHVZKHQ
LQWHUDFWLQJDQGFRPPXQLFDWLQJZLWKRWKHUV7KLVZRUNDLPVWRDQDO\VHZKHWKHU
WKHWKLQNLQJDQGUHDVRQLQJVW\OHRIWKHGHVLJQWHDPVH[HUWVDQLQIOXHQFHRQWKH
GHJUHHRIQRYHOW\RIWKHGHVLJQRXWFRPHVLQWZRZRUNLQJHQYLURQPHQWVDIDFH
WRIDFHHQYLURQPHQWDQGDYLUWXDOHQYLURQPHQW7RDGGUHVVWKLVDQH[SHULPHQW
ZDVVHWXSLQZKLFKWHDPVHDFKPDGHXSRIWKUHHGHVLJQVWXGHQWVZHUHDVNHG
WRREWDLQQHZVROXWLRQVWRWZRGHVLJQSUREOHPVRQHRIWKHPLQDIDFHWRIDFH
HQYLURQPHQWDQGWKHRWKHULQDYLUWXDOHQYLURQPHQW7KHWHDPVZHUHGHILQHG
DFFRUGLQJWRWKHLUWKLQNLQJDQGUHDVRQLQJVW\OHDQGWKHQRYHOW\RIWKHGHVLJQ
RXWFRPHVZDVPHDVXUHGZLWKWKH6$33K,5(PRGHORIFDXVDOLW\7KHUHVXOWV
VKRZWKDWRYHUDOOWKHGHJUHHRIQRYHOW\LVYHU\VLPLODULQERWKHQYLURQPHQWV
DOWKRXJKLWLVDOLWWOHKLJKHULQYLUWXDOHQYLURQPHQWV7HDPVZLWKDUDWLRQDOVW\OH
SURGXFHPRUHQRYHOUHVXOWVZKHQXVLQJ,&7WKDQLQDIDFHWRIDFHHQYLURQPHQW
7HDPVZLWKDQLQWHUSHUVRQDOVW\OHRQWKHRWKHUKDQGJHQHUDWHWKHOHDVWQRYHO
VROXWLRQVZKHQXVLQJWHFKQRORJLHVDQGSURGXFHWKHPRVWQRYHOVROXWLRQVZKHQ
WKH\ZRUNLQDIDFHWRIDFHHQYLURQPHQW
.H\ZRUGVWKLQNLQJVW\OHVFROODERUDWLYHGHVLJQGHVLJQQRYHOW\FUHDWLYLW\
,QWURGXFWLRQ
&UHDWLYLW\DQGWHDPZRUNDUHNH\LVVXHVLQWKHGHVLJQDQGGHYHORSPHQWRIQHZSURGXFWV
LQJHQHUDODQGPRUHVRGXULQJWKHFRQFHSWXDOSKDVH6HYHUDOVWXGLHVKDYHLQYHVWLJDWHG
WKLV6WHPSIOHDQG%DGNH6FKDXE%HUJHUHWDO'HVLJQHUVXVXDOO\QHHGWR
ZRUNLQWHDPVWRFROODERUDWHEXWWHDPVFDQQRWDOZD\VEHORFDWHGLQWKHVDPHSODFHLQ
ZKLFKFDVHWKH\DUHNQRZQDVGLVWULEXWHGRUYLUWXDOGHVLJQWHDPV,WLVLQWKLVYLUWXDO
FROODERUDWLYHFRQWH[WZKHUHLQIRUPDWLRQDQGFRPPXQLFDWLRQWHFKQRORJLHV,&7SOD\DQ
LPSRUWDQWUROHLQHQDEOLQJGHVLJQHUVWRFRPPXQLFDWHZLWKHDFKRWKHU6LPRIIDQG
0DKHUDQGVHYHUDOWRROVDUHDYDLODEOHWRPDNHWKLVSRVVLEOH$PLWDQL%LOGDDQG
(GPRQGV/HJJWHDQG%LOGD$XGLRYLVXDODQGRQOLQHUHVRXUFHVVXFKDV
ZHEFDPVYLGHRFRQIHUHQFHFKDWDQGVKDUHDEOHILOHVDSSOLFDWLRQVDUHFRPPRQ
DFFHVVLEOHDQGTXLWHIDPLOLDUWRPDQ\GHVLJQSURIHVVLRQDOV
&RQFHSWXDOGHVLJQLVDFUXFLDOSKDVHLQWKHGHVLJQSURFHVVDQGFUHDWLYHSUREOHP
VROYLQJLVDNH\WDVNGXULQJWKLVSKDVHZKLFKLVPDLQO\VXSSRUWHGE\H[SUHVVLRQ
WKURXJKZULWLQJDQGVNHWFKLQJ9LVXDODQGYHUEDOH[SUHVVLRQVDUHPRUHWKDQDPHDQVRI
FRPPXQLFDWLRQ±WKH\DUHDQLQWULQVLFSDUWRIWKHGHVLJQSURFHVVDQGDUHLQYROYHGLQ
FUHDWLYLW\DVKLJKOLJKWHGE\3XUFHOODQG*HURDQG6XZD3XUFHOODQG*HUR
6HYHUDODXWKRUVKDYHUHVHDUFKHGLQWRWKHLPSRUWDQFHRIYLVXDOH[SUHVVLRQLQWKH
JHQHUDWLRQRILGHDVLQGHVLJQJURXSV9DQGHU/XJW<DQJ6RZKHQ
GHVLJQLQJLQYLUWXDOHQYLURQPHQWVGHVLJQWHDPVVKDUHYHUEDOL]DWLRQVDQGVNHWFKHVWR
VXSSRUWFUHDWLYLW\6RPHUHVHDUFKHUVFODLPWKDWLWLVIHDVLEOHIRUIXWXUHFRPSXWHUDLGHG
GHVLJQV\VWHPVWREHH[SDQGHGLQRUGHUWRVXSSRUWDGHVLJQSURFHVVFDUULHGRXWRQDQ
LQWHUDFWLYHEDVLVZLWKWKHGHVLJQHU&DQG\DQG(GPRQGVDQGWKHQHHGWRUHVHDUFK
ZKDWNLQGVRIDFWLYLWLHVDUHDGHTXDWHIRUZRUNLQJLQYLUWXDOWHDPVLVKLJKOLJKWHGLQ
0DF*UHJRUDQG7RUUHV&RURQDV
,WLVXVXDOO\DFFHSWHGWKDWIDFHWRIDFHFRPPXQLFDWLRQLVHDVLHUEXWLWFRXOGEH
LQWHUHVWLQJWRNQRZZKHWKHUGXULQJWKHFRQFHSWXDOGHVLJQSURFHVVWKHUHDUHSHUVRQV
ZKRIHHOPRUHFRPIRUWDEOHDQGH[SUHVVWKHPVHOYHVEHWWHUXVLQJYLUWXDOFRPPXQLFDWLRQ
7DQJHWDO.FRPSDUHGGHVLJQWHDPVLQWUDGLWLRQDODQGGLJLWDOHQYLURQPHQWVZKHQ
JHQHUDWLQJFUHDWLYHVROXWLRQV7DQJ/HHDQG*HUR,QWKHLUVWXG\WKHGLJLWDO
HQYLURQPHQWWULHVWRHPXODWHWKHWUDGLWLRQDORQHVRWKHGHVLJQHUVZRUNHGWRJHWKHULQD
V\QFKURQRXVPRGHXVLQJDXGLRYLVXDOFRPPXQLFDWLRQ)XQFWLRQDOLW\DQGLQQRYDWLRQ
ZHUHWZRRIWKHSDUDPHWHUVXVHGWRFRPSDUHWKHRXWFRPHVRIWKHWZRHQYLURQPHQWV
&RQFOXVLRQVVXJJHVWWKDWWKHGHVLJQSURFHVVVKRZVQRVLJQLILFDQWGLIIHUHQFHVUHJDUGOHVV
RIZKHWKHULWLVXQGHUWDNHQLQSHQDQGSDSHURUGLJLWDOGUDZLQJHQYLURQPHQWV
7KHFROODERUDWLYHFDSDELOLWLHVGHSHQGRQGLIIHUHQWDVSHFWVVXFKDVWKHOHYHORI
H[SHUWLVH.OHLQVPDQQHWDODQGWKH\KDYHEHHQVWXGLHGWRDQDO\VHNQRZOHGJH
LQWHJUDWLRQDQGWKHDSSURDFKHVWRVROYLQJWKHGHVLJQSUREOHPLQWHDPV<DQJ'RQJDQG
+HODQGHU
7KHSHUVRQDOWKLQNLQJDQGUHDVRQLQJVW\OHPD\DOVRLQIOXHQFHWKHNQRZOHGJH
VKDULQJFDSDELOLWLHV'LIIHUHQWFODVVLILFDWLRQVKDYHEHHQSXWIRUZDUGIRUWKHLQGLYLGXDO
WKLQNLQJVW\OH5HFHQWVWXGLHVVKRZWKDWQHXURLPDJLQJPHDVXUHPHQWVGRQRWUHYHDODQ\
GLIIHUHQFHVLQWKHXVHRIEUDLQ]RQHVDVDJOREDOSURSHUW\1LHOVHQHWDO
1RQHWKHOHVVWKHUHDUHSUHYLRXVFODVVLILFDWLRQVRIWKHWKLQNLQJVW\OHWKDWVWLOOUHIHUWR
SDUWVRIWKHEUDLQWKXVLGHQWLI\LQJWKLQNLQJVW\OHVZLWKSDUWLFXODUEUDLQ]RQHV([DPSOHV
RIVXFKSURSRVDOVLQFOXGHWKHOHIWDQGULJKWKHPLVSKHUHPRGHO6SHUU\*D]]DQLJDDQG
%RJHQWKHFODVVLILFDWLRQLQWROLPELFDQGFRUWLFDOEUDLQV0DF/HDQDQG.UDO
RUWKH+HUUPDQQZKROHEUDLQPRGHO+HUUPDQQ7KRVHWKLQNLQJVW\OH
FODVVLILFDWLRQVDUHEDVHGRQPRGHVRIWKLQNLQJUDWKHUWKDQRQSDUWVRIWKHEUDLQHYHQ
WKRXJKUHIHUHQFHLVPDGHWRVXFKSDUWV1HXURVFLHQFHIRFXVHVLWVUHVHDUFKRQUHYHDOLQJ
WKHZD\LQZKLFKDSDUWRIWKHEUDLQLVXVHG7KXVLQWKHOLWHUDWXUHUHYLHZHGWKHSDUWVRI
WKHEUDLQDUHPHQWLRQHGDVDPHWDSKRU2WKHUFODVVLILFDWLRQVSRLQWGLUHFWO\WRWKH
WKLQNLQJVW\OHVXFKDV*XLOIRUG¶VFODVVLILFDWLRQEHWZHHQFRQYHUJHQWDQGGLYHUJHQW
UHDVRQLQJ*XLOIRUGRUWKHFODVVLILFDWLRQEHWZHHQDGDSWLYHDQGLQQRYDWLYH
LQGLYLGXDOV.LUWRQDPRQJRWKHUV
7KHUHODWLRQEHWZHHQWKHWKLQNLQJVW\OHDQGWKHGHVLJQRXWFRPHVKDVEHHQ
DQDO\VHGIRUIDFHWRIDFHWHDPV/ySH]0HVDHWDO/ySH]0HVDDQG7KRPSVRQ
'D\DQDQG'L%HQHGHWWR,QWKHZRUNE\/ySH]0HVDHWDO.WKHGHJUHHRI
QRYHOW\RIDGDSWLYHDQGLQQRYDWLYHGHVLJQWHDPVLVFRPSDUHGE\PHDQVRI.LUWRQ¶VWHVW
.LUWRQ7KHUHVXOWVVKRZWKDWLQQRYDWLYHJURXSVJHQHUDWHVROXWLRQV
WKDWDUHPRUHQRYHODWDIXQFWLRQDOOHYHOZKHUHDVDGDSWLYHJURXSVJHQHUDWHPRUHQRYHO
VROXWLRQVDWDVWUXFWXUDOOHYHO7KLVUHVXOWFRQILUPVWKDWWKHGHVLJQHU¶VSUREOHPVROYLQJ
VW\OH±DGDSWRURULQQRYDWRU±KDVWREHFRQVLGHUHGLQWKHVHOHFWLRQRIGHVLJQPHWKRGV
/ySH]0HVDDQG7KRPSVRQ$QRWKHUVWXG\DQDO\VHGWKHUHODWLRQEHWZHHQWKH
HLJKWSHUVRQDOFUHDWLYLW\PRGHVRI:LOGHZKLFKFRPELQHH[WURYHUWHGDQG
LQWURYHUWHGPRGHVZLWKLQWXLWLYHVHQVLQJWKLQNLQJDQGIHHOLQJPRGHVDQGWKHGHVLJQ
DFWLYLWLHVLQHLJKWGHVLJQHUV,QWKLVFDVHUHVXOWVVKRZHGWKDWGLIIHUHQWFUHDWLYHPRGHV
OHDGWRWKHGHVLJQHUV¶IRFXVLQJRQGLIIHUHQWGHVLJQDFWLYLWLHVDQGLQSDUWLFXODUIHHOLQJ
RULHQWHGSHUVRQDOFRJQLWLYHFKDUDFWHULVWLFVDUHUHODWHGWRDJUHDWHUXVHRIH[WHUQDO
NQRZOHGJHDQGPRUHXQLTXHGHVLJQV.LP-LQDQG/HH,Q'D\DQDQG'L
%HQHGHWWRWKHGHJUHHRIFUHDWLYLW\RIWKHSURGXFWREWDLQHGE\UDWLRQDOLQWXLWLYH
DQGPL[HGJURXSVLVPHDVXUHGDQGFRPSDUHGDQGLWLVIRXQGWKDWJURXSVZLWKORQJ
H[SHULHQFHJHQHUDWHPRUHFUHDWLYHSURGXFWVZKHQWKH\FRPELQHLQWXLWLYHDQGUDWLRQDO
WKLQNLQJ,QORZH[SHULHQFHGJURXSVLQFRQWUDVWLWLVUDWLRQDOWKRXJKWVWKDWOHDGWRPRUH
FUHDWLYHUHVXOWV
7KHLQIOXHQFHRISHUVRQDOLW\IDFWRUVRQWKHRXWFRPHVRIGHVLJQWHDPVKDVEHHQ
DQDO\VHGLQVHYHUDOVWXGLHV)RULQVWDQFHWKH*RXJK¶VSHUVRQDOLW\IDFWRUV*RXJKDQG
+HLOEUXQRIWHDPVPDGHXSRIVWXGHQWVZHUHLGHQWLILHGDQGFRPSDUHGWRWKH
RXWFRPHVRIDGHVLJQSURMHFW)UHLKHLW7KHUHVXOWVVKRZWKDWVRPHSHUVRQDOLW\
DWWULEXWHVDUHLPSRUWDQWDQGH[SODLQDVLJQLILFDQWSHUFHQWDJHRIWKHGHVLJQRXWFRPH
VFRUH7KHLQIOXHQFHEHWZHHQSHUVRQDOFUHDWLYHPRGHVDFFRUGLQJWR:LOGH¶V:LOGH
FODVVLILFDWLRQDQGGHVLJQRXWFRPHVFUHDWLYLW\VFRUHGXVLQJD&366VFDOH%HVHPHU
DQG2¶4XLQKDVEHHQVWXGLHGLQWZRWHDPVFRQGXFWLQJDFRQFHSWXDOGHVLJQWDVN
7KHUHVXOWVVKRZHGWKDWERWKWHDPVREWDLQHGVLPLODUUHVXOWVLQWKHQRYHOW\FDWHJRU\DQG
WKHWHDPZLWKGLYHUVHSHUVRQDOLW\SHUIRUPHGEHWWHULQWKHXVHIXOFDWHJRU\.LP.LP
DQG:LOGH$JUHHDEOHSHUVRQDOLW\OLQNHGWRJHQWOHDQGFRRSHUDWLYHSHRSOHLV
SRVLWLYHO\UHODWHGWRGHVLJQWHDPRXWFRPHV3HHWHUVHWDO
7KHUHVHDUFKFRQGXFWHGWRGDWHRQGHVLJQWHDPVSURYLGHVHYLGHQFHWKDW
SHUVRQDOLW\DQGWKLQNLQJVW\OHKDVDQLQIOXHQFHRQWKHGHVLJQRXWFRPHV0RUHVWXGLHV
DUHQHHGHGLQRUGHUWRDVVHVVWKHHIIHFWRIWKHLQWHUDFWLRQVEHWZHHQSHUVRQDOLW\IDFWRUV
)UHLKHLWDQGWKHLQWHUDFWLRQVZLWKRWKHUIDFWRUVVXFKDVWKHHQYLURQPHQWRUWKH
W\SHRIGHVLJQSUREOHP6WXGLHVKDYHWKHUHIRUHEHHQFRQGXFWHGRQWKHQRWLRQWKDWWKH
GHVLJQHUV¶WKLQNLQJVW\OHLQIOXHQFHVWKHGHVLJQRXWFRPHVHVSHFLDOO\IRUORZ
H[SHULHQFHGGHVLJQHUV
$GHHSHUXQGHUVWDQGLQJRIWKHLQIOXHQFHRIWKHFRPPXQLFDWLRQHQYLURQPHQWLQ
UHODWLRQWRWKHWKLQNLQJVW\OHZRXOGDOORZSRWHQWLDOSUREOHPVWREHSUHYHQWHGOHDGLQJWR
LPSURYHGSHUIRUPDQFHRIGLVWULEXWHGWHDPVGXULQJFUHDWLYHGHVLJQ
,QDGGLWLRQWHFKQRORJ\LVEHFRPLQJPRUHDQGPRUHSUHVHQWLQRXUOLYHV3HRSOH
DUHXVHGWRFRPPXQLFDWLQJDQGVKDULQJLGHDVDQGFRQWHQWVZLWKRWKHUVWKURXJK,&7
&$&'&RPSXWHU$LGHG&RQFHSWXDO'HVLJQWRROVDUHEHFRPLQJPRUHSRSXODUGHVSLWH
WKHLUUHVROXWLRQDQGTXDOLW\OLPLWDWLRQVLQFRPSDULVRQWRSHQDQGSDSHUVNHWFKLQJ7KLV
FDQOHDGVNHWFKLQJEDVHGYLUWXDOHQYLURQPHQWVWRPDNHGLIIHUHQFHVLQWKHGHVLJQ
RXWFRPHV
7KHDLPRIWKLVZRUNLVWRLGHQWLI\E\PHDQVRIDQH[SHULPHQWDOSURMHFWWKH
LQIOXHQFHRIWKHGRPLQDQWWKLQNLQJVW\OHLQWKHGHVLJQWHDPRXWFRPHVLQWZRW\SHVRI
HQYLURQPHQWDIDFHWRIDFHHQYLURQPHQWDQGYLUWXDOO\WKLVODWWHULQYROYLQJWKHXVHRI
,&7WRFRPPXQLFDWHZLWKHDFKRWKHUZLWKLQWKHWHDP7KHSXUSRVHRIWKLVZRUNLVWR
DQDO\VHZKHWKHUGHSHQGLQJRQWKHSHUVRQDOWKLQNLQJVW\OHWKHWHDPVSURGXFHOHVVQRYHO
UHVXOWVLQDGLVWULEXWHGZRUNLQJHQYLURQPHQWWKDWGRHVQRWDOORZIRUDOOWKH
FRPPXQLFDWLRQFKDQQHOVEHWZHHQWKHWHDPPHPEHUV+HQFHWKHUHVHDUFKTXHVWLRQVDUH
x 'RWHDPVZRUNLQJLQDIDFHWRIDFHRUDGLVWULEXWHGHQYLURQPHQWJHQHUDWH
VROXWLRQVZLWKGLIIHUHQWOHYHOVRIQRYHOW\"
x 'RHVWKHOHYHORIQRYHOW\FKDQJHLQHDFKHQYLURQPHQWGHSHQGLQJRQSHUVRQDO
WKLQNLQJVW\OHRIWKHWHDP"
5HVHDUFKPHWKRGRORJ\
2.1 Herrmann whole brain model  
7KH+HUUPDQQ¶V%UDLQ'RPLQDQFHV7HVW+HUUPDQQLVDWRROIRUPHDVXULQJ
DQGGHVFULELQJSHRSOH¶VSUHIHUHQFHVRUWKLQNLQJVW\OHVGHYHORSHGE\+HUUPDQQLQ
DQGYDOLGDWHGE\%XQGHUVRQ,WVKRXOGEHQRWHGWKDWWKLVWRROGRHVQRWVHHNWR
DVVHVVWKHOHYHORILQWHOOLJHQFHEXWLQVWHDGWRGHWHUPLQHWKHWKLQNLQJVW\OHTXDOLWDWLYHO\
VRWKHUHLVQR³JRRG´RU³EDG´SURILOH
,QKLVPRGHORIWKLQNLQJGRPLQDQFHV+HUUPDQQLGHQWLILHVIRXUGLIIHUHQWWKLQNLQJ
PRGHV)LJXUHDQDO\WLFDO$VHTXHQWLDO%LQWHUSHUVRQDO&DQGLPDJLQDWLYH'
$FFRUGLQJWRWKHGRPLQDQWWKLQNLQJVW\OHSHRSOHXQGHUWDNHDFWLRQVLQGLIIHUHQWZD\V
DQGWKHLUFRPPXQLFDWLRQSUHIHUHQFHVDQGWKHLUWHDPZRUNLQJDUHDOVRGLIIHUHQW
$QDO\WLFDOSHRSOH$DUHFKDUDFWHUL]HGE\ORJLFDODQGDQDO\WLFDOUHDVRQLQJDQGWKH\
SUHIHUWRFODULI\DQGH[SODLQVHTXHQWLDOSHRSOH%SUHIHUVHTXHQWLDOWKLQNLQJWKH\OLNH
WRSODQDQGSHUIRUPVWUXFWXUHGDQGGHWDLOHGZRUNLQWHUSHUVRQDOSHRSOH&DUH
FKDUDFWHUL]HGE\DQLQWHUSHUVRQDOWKLQNLQJVW\OHWKH\SUHIHUWRWDONDQGH[SUHVVWKHLU
LGHDVWRRWKHUSHRSOHDQGDUHDIIHFWLYHO\LQYROYHGLQWKHLUWDVNVDQGODVWO\WKH
LPDJLQDWLYH'DUHPRUHRULJLQDODQGKROLVWLFSHRSOHZKRXVXDOO\ZRUNZLWKPHWDSKRUV
DQGFRQFHSWV)LJXUH
,QRUGHUWRGHWHUPLQHWKHEUDLQGRPLQDQFHDWHVWZLWKLWHPVLVDSSOLHG
+HUUPDQQ7KHUHVXOWRIWKHWHVWLVDYDOXHIRUHDFKRIWKHIRXUDUHDV$%&
'LQVXFKDZD\WKDWWKHYDOXHVREWDLQHGIRUWKRVHTXHVWLRQVGHWHUPLQHZKLFKWKH
GRPLQDQWDUHDLVDQGWKXVWKHFRJQLWLYHSUHIHUHQFHRIWKHSHUVRQ$FFRUGLQJWRWKH
GRPLQDQFHLWLVSRVVLEOHWRNQRZZKLFKEUDLQSURILOHLVWKHPRVWUHVSRQVLEOHDQGZKLFK
DUHWKHFKDUDFWHULVWLFVRIWKHSHUVRQ¶VLQWHUDFWLRQZLWKERWKWKHHQYLURQPHQWDQGRWKHU
LQGLYLGXDOV

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

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



)LJXUH+HUUPDQQ¶VWKLQNLQJPRGHOGRPLQDQFHV

,WLVDOVRSRVVLEOHWRGHWHFWPRUHWKDQRQHGRPLQDQFHVLPSOHGRPLQDQFHVXFK
DVDGRXEOHGRPLQDQFHRUDWULSOHRUHYHQDTXDGUXSOHRUWRWDOGRPLQDQFH
)RUWKLVZRUNWKHVLPSOLILHGWHVWE\-LPpQH]9pOH]EDVHGRQWKH
+HUUPDQQTXHVWLRQQDLUHLVXVHG7KLVWHVWLVFRPSRVHGRILWHPVLQVWHDGRIDQGLW
LVDOVRVXLWDEOHIRULGHQWLI\LQJWKHSUHIHUHQFHVW\OHGXULQJWKLQNLQJLQDTXLFNHUDQG
HDVLHUZD\WKDQZLWK+HUPDQQ¶VRULJLQDOTXHVWLRQQDLUH(YHQWKRXJKDEVROXWHYDOXHVDUH
QRWREWDLQHGZLWKWKLVVLPSOLILHGTXHVWLRQQDLUHLWLVSRVVLEOHWRGLVWLQJXLVKWKHUHODWLYH
WKLQNLQJVW\OHSUHIHUHQFHDFFRUGLQJWRWKHUHODWLYHVFRUHVRIWKHTXHVWLRQVUHODWHGWR
HDFKRIWKHIRXUFDWHJRULHVZKLFKLVHQRXJKIRUWKHDLPVRIWKHSUHVHQWVWXG\
2.2 Research Experiment 
$QH[SHULPHQWZDVSHUIRUPHGZLWKVWXGHQWVLQWKHLUODVW\HDURID%DFKHORULQ
(QJLQHHULQJLQ,QGXVWULDO'HVLJQGHJUHHFRXUVH$WRWDORIVWXGHQWVSDUWLFLSDWHG
PDOHDQGIHPDOH7KHVWXGHQWVNQHZHDFKRWKHUIRURYHUWKUHHDFDGHPLF\HDUVVR
WKH\KDYHSUHYLRXVO\LQWHUDFWHGDQGGHYHORSHGWUXVW
3ULRUWRWKHH[SHULPHQWWKHVWXGHQWVZHUHDVNHGWRDQVZHUWKH-LPpQH]9pOH]
TXHVWLRQQDLUHWRDVVHVVWKHLUWKLQNLQJVW\OHGRPLQDQFH7KHDQVZHUVZHUHDQDO\VHGDQG
WKHVWXGHQWVZHUHFODVVLILHGDFFRUGLQJWRWKHLUWKLQNLQJVW\OHIRUPLQJWHDPVRI
VWXGHQWVZLWKWHDPVRIUDWLRQDOLVWVDQDO\WLFDOV$RIVHTXHQWLDOSHRSOH%RI
LQWHUSHUVRQDOSHRSOH&RILPDJLQDWLYHV'DQGWHDPVLQZKLFKHDFKPHPEHU
SUHVHQWHGDGLIIHUHQWGRPLQDQFHZKLFKZHUHFDOOHGPL[HGWHDPV07KHQXPEHURI
GHVLJQWHDPVIRUHDFKWKLQNLQJVW\OHLVGLIIHUHQWGXHWRWKHIDFWWKDWWKHWKLQNLQJVW\OH
EUDLQSURILOHRIGHVLJQVWXGHQWVLVQRWEDODQFHGDVWKHUHZHUHDORWRIVWXGHQWVZLWK
SURILOH%DQGRQO\DIHZZLWKSURILOH$,QIDFWVHYHUDOVWXGLHVKDYHDQDO\VHGWKHSURILOH
GLVWULEXWLRQDFFRUGLQJWRWKHW\SHRIVWXG\&KXOYLHWDO5R\RHWDODPRQJ
RWKHUV
(DFKGHVLJQJURXSZDVUHTXLUHGWRVROYHWZRFRQFHSWXDOGHVLJQSUREOHPVRQHRI
WKHSUREOHPVLQDIDFHWRIDFHHQYLURQPHQWDQGWKHRWKHUSUREOHPLQDYLUWXDO
HQYLURQPHQWXVLQJ,&77KH\ZHUHJLYHQQRLQGLFDWLRQVDERXWZKLFKGHVLJQPHWKRG
WKH\FRXOGXVHLQRUGHUWRSUHYHQWDSDUWLFXODUGHVLJQPHWKRGIURPSURGXFLQJEHWWHU
UHVXOWVLQRQHRIWKHWZRHQYLURQPHQWVZKLFKLVQRWWKHDLPRIWKLVUHVHDUFK7KHGHVLJQ
SUREOHPVXVHGLQWKHH[SHULPHQWFRQVLVWHGLQGHVLJQLQJQHZKRXVHKROGGHYLFHVWKDW
FRXOGEHXVHGWRSHUIRUPDQDFWLRQWKDWZDVXVXDOO\GRQHPDQXDOO\
 3UREOHPWRGHVLJQDGRPHVWLFGHYLFHIRUSDLQWLQJILQJHUQDLOV
 3UREOHPWRGHVLJQDGRPHVWLFGHYLFHIRUWDNLQJWKHILVKERQHRXWRIVPDOODQG
PHGLXPVL]HGILVK
7KHQDWXUHRIWKHGHVLJQSUREOHPVPD\DOVRLQIOXHQFHWKHUHVXOWV7KHUHIRUHWKH
FKDUDFWHULVWLFVRIWKHVHGHVLJQSUREOHPVDUHVWXGLHGFRQVLGHULQJWKHLQIOXHQFLQJ
YDULDEOHV7KHOHYHORIH[SHUWLVHLQUHODWLRQWRWKHVHSUREOHPVLVQRYLFH'UH\IXV
FLWHGLQ'RUVW2WKHUUHOHYDQWYDULDEOHVIURPWD[RQRPLHVRIGHVLJQSUREOHPV
)URVWZHUHVWXGLHG7KHFRPSOH[LW\RIERWKGHVLJQSUREOHPVDUHVLPLODUDQGWKH
OHYHORILQQRYDWLRQDFFRUGLQJWR)URVWLVKLJK$OWKRXJKWKHWZRSUREOHPVDUH
VLPLODULQWHUPVRIWKHVHYDULDEOHVWKHSDUWLFLSDQWVDUHPRUHIDPLOLDUZLWKSDLQWLQJQDLOV
WKDQZLWKUHPRYLQJWKHILVKERQHRIILVK&RQVHTXHQWO\WKHUHVXOWVIRUHDFKSUREOHPZLOO
EHFRPSDUHGWRFKHFNZKHWKHUWKHGLIIHUHQFHLQKRZPXFKWKH\DUHFRQFHUQHGZLWKHDFK
SUREOHPLQIOXHQFHVWKHUHVXOWV
)RUWKHIDFHWRIDFHHQYLURQPHQWGHVLJQWHDPVZHUHORFDWHGLQDURRPHTXLSSHG
ZLWKDWDEOHDQGVNHWFKLQJPDWHULDOVXFKDV',1$DQG',1$VL]HGVKHHWVRISDSHU
SHQFLOVFUD\RQVDQGHUDVHUV,QDFRUQHURIWKHURRPDYLGHRFDPHUDZDVLQVWDOOHGWR
UHFRUGWKHGHVLJQSURFHVVGXULQJWKHH[SHULPHQWVRWKDWWKHUHZDVDUHJLVWHURIWKHGDWD
IRUODWHUDQDO\VHVRIWKHGHVLJQSURFHVV2QWKHRWKHUKDQGIRUWKHYLUWXDOWDVNHDFK
PHPEHUZDVORFDWHGLQDVHSDUDWHURRPSURYLGHGZLWKDODSWRSFRQQHFWHGWRWKH
QHWZRUNDQGZLWKIOH[LEOHWDEOHWVDQGHOHFWURQLFSHQFLOVZKLFKDOORZWKHXVHUWRVNHWFK
DQGYLVXDOL]HWKHGUDZLQJRQWKHVFUHHQLQUHDOWLPH7KHVRIWZDUHXVHGIRUFROODERUDWLYH
VNHWFKLQJLVWKDWSURYLGHGE\*RRJOH'ULYHZKLFKZDVFKRVHQEHFDXVHLWLVHDV\WRXVH
DQGKDVDQLQWXLWLYHLQWHUIDFHZKLFKDOORZVIRUTXLFNOHDUQLQJ,QDGGLWLRQLWVVLPLODULW\
ZLWKWKH:LQGRZV3DLQWDSSOLFDWLRQNQRZQE\PRVWRIWKHVXEMHFWVLQWKLVH[SHULPHQW
OHGXVWRH[SHFWWKDWWKH\FRXOGDOUHDG\EHIDPLOLDUL]HGZLWKPDQ\RIWKHIXQFWLRQVDQG
FKDUDFWHULVWLFVRIWKH*RRJOH'ULYHWRROIRUVNHWFKLQJ7KHWRROSURYLGHVDZRUNLQJ
VSDFHWKDWLVYHU\VLPLODUWRWKHRQHXVHGLQWKHIDFHWRIDFHZRUNZKLFKDOORZVWKHXVH
RIVLPLODUGUDZLQJUHVRXUFHVW\SHDQGWKLFNQHVVRIOLQHVFRORXUVWH[WDQGDOVRDFKDW
DSSOLFDWLRQWRKHOSSDUWLFLSDQWVFRPPXQLFDWHZLWKHDFKRWKHU7KHFKDWDOORZVWH[WXDORU
ZULWWHQLQWHUDFWLRQEXWDXGLRYLVXDOLQWHUDFWLRQLVQRWDYDLODEOHVLQFHWKHSXUSRVHRIWKLV
VWXG\LVWRDQDO\VHWKHOHYHORIQRYHOW\RIWKHRXWFRPHVLQWZRVLWXDWLRQVZLWKGLIIHUHQW
FKDQQHOVRILQWHUDFWLRQ
:LWKWKHDLPRIUHFRUGLQJDOOWKHGHVLJQSURFHVVLQWKHYLUWXDOVHVVLRQD
VFUHHQFDVWDSSOLFDWLRQZDVXVHGWRFDSWXUHWKHHYROXWLRQRIWKHZRUNLQHDFKFRPSXWHU
7KHVHUHVRXUFHVSURYLGHERWKYLVXDOVNHWFKHVDQGZULWWHQFRPPXQLFDWLRQZKLFKKHOS
VXSSRUWWKHGHVLJQHUVLQGLIIHUHQWZD\VGXULQJGLVWULEXWHGGHVLJQFROODERUDWLRQ
$ODKXKWDDQG9DUWLDLQHQ
2.3 Experiment description  
7KHH[SHULPHQWZDVSHUIRUPHGLQRQHDQGDKDOIGD\VVLQFHWKHQXPEHURIWHDPVWKDW
FRXOGEHGRLQJWKHH[SHULPHQWDWWKHVDPHWLPHZDVOLPLWHGWRIRXUDQGVRVHULHVRI
WZHOYHVWXGHQWVZHUHFDOOHGDWHDFKURXQGRIWKHH[SHULPHQW7KHH[SHULPHQWZDV
SHUIRUPHGLQWKUHHVWDJHV7KHILUVWRQHLVWKHSUHSDUDWLRQLQZKLFKWKHVWXGHQWVZHUH
WDXJKWDERXWWKHWRROVWKH\ZHUHJRLQJWRXVHGXULQJWKHH[SHULPHQWDQGKDGWKHFKDQFH
WRSUDFWLVHZLWKWKHPIRUDURXQGPLQXWHVSULRUWRWKHH[SHULPHQW,QWKHVHFRQG
SKDVHVWXGHQWVZHUHGLYLGHGLQWRWHDPVRIWKUHHDQGORFDWHGLQURRPVWZRWHDPVVWDUWHG
ZRUNLQJIDFHWRIDFHDQGWZRWHDPVVWDUWHGZRUNLQJVHSDUDWHO\7KHH[SHULPHQWVHVVLRQ
ODVWHGPLQXWHVGLYLGHGLQWRDSUREOHPXQGHUVWDQGLQJVWDJHPLQXWHVIROORZHGE\
DSUREOHPVROYLQJVWDJH7HQPLQXWHVIURPWKHHQGRIWKHVHVVLRQDIDFLOLWDWRUDVNHGWKH
WHDPWRPDNHVXUHWKDWWKH\KDGVHOHFWHGDQGVNHWFKHGWKHILQDOGHVLJQ,QWKHWKLUG
SKDVHRIWKHH[SHULPHQWGHVLJQWHDPVZHUHDVNHGWRVROYHWKHGHVLJQSUREOHPWKDWKDG
QRWEHHQDVVLJQHGWRWKHPLQWKHSUHYLRXVSKDVHZRUNLQJLQWKHHQYLURQPHQWWKDWKDG
QRWEHHQXVHGEHIRUH)LJXUH
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)LJXUH([SHULPHQWSKDVHV
2.4 Novelty measurement 
7RPHDVXUHWKHGHJUHHRIQRYHOW\WKH6$33K,5(EDVHGPHWKRGSURSRVHGE\6DUNDU
DQG&KDNUDEDUWLLVXVHG6DUNDUDQG&KDNUDEDUWL7KLVPHWKRGFRPSDUHVWKH
FKDUDFWHULVWLFVRIDSURGXFWZLWKWKHSUHYLRXVRQHVZKHUHWKHSURGXFWFKDUDFWHULVWLFVDUH
PRGHOOHGE\PHDQVRIWKHFDXVDOLW\RIWKHIXQFWLRQDOLW\WRDVVHVVWKHUHODWLYHGHJUHHRI
QRYHOW\RIWKHSURGXFWV7KLVPRGHOLVFRPSRVHGRIWKHIROORZLQJFRQVWUXFWV
&KDNUDEDUWLHWDO
 3KHQRPHQRQLQWHUDFWLRQEHWZHHQWKHV\VWHPDQGLWVHQYLURQPHQW
 6WDWHFKDQJHFKDQJHLQDSURSHUW\RIWKHV\VWHPDQGHQYLURQPHQWWKDWLV
LQYROYHGLQWKHLQWHUDFWLRQ
 (IIHFWSULQFLSOHWKDWJRYHUQVLQWHUDFWLRQ
 $FWLRQDEVWUDFWGHVFULSWLRQRUKLJKOHYHOLQWHUSUHWDWLRQRILQWHUDFWLRQ
 ,QSXWSK\VLFDOTXDQWLW\PDWHULDOHQHUJ\RULQIRUPDWLRQWKDWFRPHVIURP
RXWVLGHWKHV\VWHPERXQGDU\DQGLVHVVHQWLDOIRULQWHUDFWLRQ,WLVQHHGHGWR
DFWLYDWHDSK\VLFDOHIIHFW
 2UJDQVSURSHUWLHVDQGFRQGLWLRQVRIDV\VWHPDQGHQYLURQPHQWUHTXLUHGIRU
LQWHUDFWLRQ
 3DUWVSK\VLFDOHOHPHQWVDQGLQWHUIDFHVWKDWFRQVWLWXWHDV\VWHPDQGLQWHUDFWLRQ
ZLWKWKHHQYLURQPHQW
7KHVHFRQVWUXFWVDUHUHODWHGWRWKH)XQFWLRQ%HKDYLRXU6WUXFWXUH)%6
PRGHOOLQJRISURGXFWV*HUR8PHGDHWDOZKHUHDFWLRQFRXOGEHWDNHQDV
IXQFWLRQSDUWVDVVWUXFWXUHDQGWKHUHVWVWDQGIRUWKHEHKDYLRXU7KHUHDUHWKUHH
UHODWLRQVKLSVDPRQJWKHVHFRQVWUXFWVDFWLYDWLRQFUHDWLRQDQGLQWHUSUHWDWLRQ3DUWVDUH
QHFHVVDU\IRUFUHDWLQJRUJDQVZKHUHDVRUJDQVDQGLQSXWVDUHQHHGHGIRUDFWLYDWLQJ
SK\VLFDOHIIHFWVZKLFKDOORZWKHFUHDWLRQRISK\VLFDOSKHQRPHQDDQGFKDQJHVRIVWDWH
)LQDOO\FKDQJHVRIVWDWHDUHLQWHUSUHWHGDVDFWLRQVRULQSXWVDQGFDQFUHDWHRUDFWLYDWH
SDUWV
7KHGHJUHHRIQRYHOW\LVDVVLJQHGGHSHQGLQJRQWKHOHYHODWZKLFKWKHGLIIHUHQFH
EHWZHHQDGHVLJQVROXWLRQDQGDVWDQGDUGRQHLVLGHQWLILHG$VFDQEHVHHQLQ)LJXUH
DFWLRQLVWKHDEVWUDFWGHVFULSWLRQRULQWHUSUHWDWLRQRIDKLJKHUOHYHOFKDQJHRIVWDWHRU
LQSXWFUHDWLRQ7KXVDFKDQJHDWWKLVOHYHOUHSUHVHQWVWKHKLJKHVWQRYHOW\,IWKHFKDQJHV
FRQVLVWLQDFKDQJHRIVWDWHDQGLQSXWWKHQRYHOW\LVKLJK
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)LJXUH6WHSVIRUDVVHVVLQJWKHQRYHOW\6DUNDUDQG&KDNUDEDUWL

$WDPHGLXPOHYHORIQRYHOW\WKHUHDUHSK\VLFDOSKHQRPHQDDQGSK\VLFDO
HIIHFWV:KLOHSK\VLFDOSKHQRPHQDFRPSULVHWKHSRWHQWLDOFKDQJHVUHODWHGWRDSK\VLFDO
SKHQRPHQRQIRUDGHILQHGVHWRILQSXWVDQGRUJDQVSK\VLFDOHIIHFWVDUHGHILQHGE\WKH
QDWXUHODZVWKDWUXOHWKRVHFKDQJHV7KHORZHVWOHYHORIQRYHOW\LVSUHVHQWHGZKHQWKH
GHVLJQRQO\FKDQJHVLQLWVRUJDQVRUSDUWV
0RUHRYHUWKLVPHWULFSUHVHQWVRWKHUDGYDQWDJHVVLQFHLWLVFRUUHODWHGWRWKH
YDULHW\RIWKHFRQFHSWVSDFHGXULQJLGHDJHQHUDWLRQWKDWLVWRVD\WKHKLJKHUWKHQRYHOW\
LVWKHKLJKHUWKHYDULHW\RIWKHVROXWLRQVH[SORUHGZLOOEHZKLFKLVDQRWKHUPHWULFWR
PHDVXUHWKHFUHDWLYHLGHDWLRQSURFHVV6KDKDQG9DUJDV+HUQiQGH]
1RYHOW\PHDVXUHGE\WKLVSURFHVVLVUHODWHGWRGHVLJQSURFHVVSDUDPHWHUVVXFKDV
WKHYDULHW\RIWKHFRQFHSWVSDFHGXULQJLGHDJHQHUDWLRQ6ULQLYDVDQDQG&KDNUDEDUWL

5HVXOWV
$VDUHVXOWGHVLJQVIRUDGHYLFHIRUSDLQWLQJILQJHUQDLOVDQGGHVLJQVIRUDGHYLFH
IRUUHPRYLQJWKHILVKERQHIURPILVKDUHREWDLQHGLQWKHH[SHULPHQWRXWFRPHVEHLQJ
JHQHUDWHGLQYLUWXDOWHDPVDQGLQIDFHWRIDFHWHDPV)LJXUHVDQGVKRZ
VRPHRIWKHGHVLJQRXWFRPHVIRUHDFKWHDPSURILOHDQDO\WLFDOV$VHTXHQWLDOV%
LQWHUSHUVRQDO&LPDJLQDWLYHV'DQGPL[HG07KHKDQGVNHWFKHGGHVLJQVZHUH
GLJLWDOL]HGLQRUGHUWRPDNHWKHPXQGLVWLQJXLVKDEOHIURPWKHGLJLWDOO\VNHWFKHGRQHV
WKHUHE\HQVXULQJDPRUHREMHFWLYHHYDOXDWLRQ

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
)LJXUH([DPSOHVRIGHVLJQVROXWLRQVIURPSURILOH$WHDPV

)LJXUH([DPSOHVRIGHVLJQVROXWLRQVIURPSURILOH%WHDPV

)LJXUH([DPSOHVRIGHVLJQVROXWLRQVIURPSURILOH&WHDPV








)LJXUH([DPSOHVRIGHVLJQVROXWLRQVIURPSURILOH'WHDPV






)LJXUH([DPSOHVRIGHVLJQVROXWLRQVIURPPL[HG0WHDPV
$QDO\VLVRIWKHQRYHOW\RIWKHGHVLJQRXWFRPHV
7KHGHJUHHRIQRYHOW\RIDOOWKHGHVLJQRXWFRPHVIRUWKHILQJHUQDLOSDLQWHU
DQGIRUWKHILVKERQHUHPRYHUZDVHYDOXDWHGIROORZLQJWKHPHWKRGGHSLFWHGLQ
)LJXUH)LUVWRIDOOWKHDFWLRQVWDWHFKDQJHSK\VLFDOSKHQRPHQDSK\VLFDOHIIHFWV
RUJDQVSDUWVDQGLQSXWVIRUWKHDEVWUDFWLRQRIDVWDQGDUGVROXWLRQZHUHGHILQHGIRUHDFK
GHVLJQSUREOHP7KHQWKH6$33K,5(FRQVWUXFWVZHUHGHILQHGIRUDOOWKHGHVLJQ
RXWFRPHVDIWHUDQDO\VLQJWKHVNHWFKHVDQGWKHWH[WXDOGHVFULSWLRQVRIWKHVROXWLRQV
SURYLGHGE\WKHWHDPV7KHQDFRPSDULVRQEHWZHHQHDFKGHVLJQRXWFRPHDQGWKH
VWDQGDUGVROXWLRQZDVSHUIRUPHGDWHDFKOHYHOZKLFK\LHOGHGWKUHHSRVVLEOHUHVXOWVWKH
VROXWLRQLVHTXDOWRWKHVWDQGDUGVROXWLRQLWLVEHWWHUZKLFKLVPDUNHGZLWKDSRVLWLYH
VLJQRULWLVZRUVHZKLFKLVPDUNHGZLWKDQHJDWLYHVLJQ,IWKHUHLVPRUHWKDQ
RQHIHDWXUHWKDWLPSURYHVRUJHWVZRUVHLWLVHYDOXDWHGZLWKWKHSRVLWLYHRUQHJDWLYHVLJQ
DQGWKHQXPEHURIFKDQJHV)RUH[DPSOHLIRQHGHVLJQRXWFRPHSURYLGHVWZRSDUWV
EHWWHUWKDQWKRVHGHILQHGLQWKHVWDQGDUGVROXWLRQWKHQWKH³3DUWV´OHYHOLVHYDOXDWHGDV
7KXVLIWKHVWDQGDUGVROXWLRQIRUWKHILQJHUQDLOSDLQWHUGHYLFHSURSRVHVWKDWWKHUH
KDYHWREHVHYHUDOGHSRVLWVRURQHGHSRVLWZLWKVHYHUDOFRPSDUWPHQWVIRUGLIIHUHQW
FRORXUVDVROXWLRQZLWKMXVWRQHGHSRVLWIRURQHFRORXULVDQHJDWLYHFKDQJHIURPWKH
VWDQGDUGVROXWLRQZKHUHDVDGGLQJDFKDQQHOZKLFKDOORZVWKHFRORXUVWREHPL[HGWR
JHQHUDWHQHZFRORXUVLVFRQVLGHUHGDSRVLWLYHFKDQJH
7ZRGLIIHUHQWHYDOXDWRUVRUFRGHUVKDGDKLJKSHUFHQWDJHRIFRLQFLGHQFHVRQ
LGHQWLI\LQJFKDQJHVLQDQ\RIWKH6$33K,5(FRQVWUXFWV7KHLQLWLDOREVHUYHGDJUHHPHQW
EHWZHHQWKHWZRFRGHUVZDVDQGWKH&RKHQ¶V.DSSDLQGH[ZDVZKLFKLVD
VXEVWDQWLDODJUHHPHQWDFFRUGLQJWRWKHLQGH[LQWHUSUHWDWLRQ/DQGLVDQG.RFK$OO
WKH6$33K,5(FRQVWUXFWVZLWKDGLVDJUHHPHQWZHUHLGHQWLILHGDQGGLVFXVVHG7KLV
GLVFXVVLRQKHOSHGFODULI\WKHFRGHUV¶SDUWLFXODULQWHUSUHWDWLRQVXQWLODFRQVHQVXVZDV
UHDFKHG7DEOHVKRZVWKHVWDQGDUGVROXWLRQVIRUWKHWZRGHVLJQSUREOHPV6WDQGDUG
VROXWLRQVDUHGHILQHGDQGXVHGDVDEDVHOLQHZLWKZKLFKFRPSDUHKRZEHWWHURUZRUVH
RWKHUVROXWLRQVDUHLQFRPSDULVRQWRWKDWEDVHOLQH$OWKRXJKDVNHWFKRIWKHVWDQGDUG
VROXWLRQLVLQFOXGHGLQ7DEOHGHILQLQJDVHWRISDUWVLQWKH6$33K,5(FRQVWUXFWGRHV
QRWGHILQHDVLQJOHSK\VLFDOFRQILJXUDWLRQRIWKHVWDQGDUGVROXWLRQ7KXVVHYHUDO
YDULDQWVRIWKHVWDQGDUGVROXWLRQFRXOGEHGHSLFWHGIRUHDFKRQHE\FKDQJLQJIRU
LQVWDQFHWKHSRVLWLRQRIWKHFRORXUGHSRVLWVRUWKHJUDSSOLQJKRRN
$QH[DPSOHRIWKHFRPSDULVRQEHWZHHQWKHVWDQGDUGVROXWLRQDQGWKHGHVLJQ
VKRZQLQ)LJXUHLVSUHVHQWHGLQ7DEOH+HUHLWFDQEHVHHQWKDWDWDKLJKHUOHYHORI
QRYHOW\³$FWLRQ´WKHUHLVQRFKDQJHVLQFHWKHPDLQIXQFWLRQRIWKHGHYLFHLVWKHVDPH
SDLQWLQJQDLOV7KHILUVWFKDQJHLQWHUPVRIQRYHOW\FRPHVDWWKH³6WDWHFKDQJH´OHYHO
VLQFHWKHQDLOSROLVKLVLQVSUD\IRUPLQVWHDGRIEHLQJDYLVFRXVOLTXLG3K\VLFDO
SKHQRPHQDDQGHIIHFWUHPDLQXQFKDQJHG7KHQH[WOHYHOZLWKFKDQJHVLVDWWKH³2UJDQ´
OHYHOZKHUHDQRUJDQWRVSUD\WKHSROLVKKDVEHHQDGGHGEXWWKHVROXWLRQGRHVQRW
SUHVHQWDQRUJDQIRUFRORXUVHOHFWLRQZKLFKLVSUHVHQWLQWKHVWDQGDUGVROXWLRQVRWKH
QRYHOW\FKDQJHDWWKLVOHYHOLV /DVWO\DWWKH³3DUW´OHYHOWKHVROXWLRQODFNVWKH
GHSRVLWWKDWLVSUHVHQWLQWKHVWDQGDUGVROXWLRQEXWLWKDVWZRQHZSDUWVWKHQDLOVHQVRU
DQGWKHDLUGU\HUVRWKHUHVXOWDWWKLVOHYHOLVDYDOXHRI
7DEOH6WDQGDUGVROXWLRQGHILQHGWRFRPSDUHWKHGHVLJQRXWFRPHV
6$33K,5(OHYHO 6WDQGDUGVROXWLRQIRUWKHILQJHUQDLO
SDLQWHUGHYLFH



6WDQGDUGVROXWLRQIRUWKH
ILVKERQHUHPRYHUGHYLFH


Action Painting nails Chopping and removing fishbone 
State change Viscous polish Solid fish 
Solid cutting element 
Input Human action and electrical energy Human action and electrical energy 
Physical Phenomena Polish deposition Physical separation of fish parts 
Physical Effects Adhesion between the polish and the 
nail by means of surface contact 
Molecular separation by cutting 
(fibres breaking) 
Organs Position and delimitation of nails 
Marking out nail area to avoid spots 
Colour selection 
Painting system 
Simple restraint (physical element 
applies a force) 
Cutting element 
Supporting cutting element 
Removing fishbone mechanism 
Parts Colour deposits 
Brush  
Switch and selection buttons 
Support and delimitation of surface 
Supporting surface 
Supporting system 
Grappling hook to remove the 
fishbone 
Cutting blade/s 



)LJXUH([DPSOHRIGHVLJQRXWFRPH
7DEOH6$33K,5(FRPSDULVRQRIWKHGHVLJQGHSLFWHGLQ)LJXUHZLWKWKHVWDQGDUG
VROXWLRQ
6$33K,5(OHYHO 6WDQGDUGVROXWLRQIRUWKHILQJHUQDLO
SDLQWHUGHYLFH
&RPSDULVRQZLWK
WKHVWDQGDUG
1XPEHUUHVXOWLQJ
IURPWKHFRPSDULVRQ
Action Painting nails = 0 
State change Viscous polish + Spray 1 
Input Human action and electrical energy = 0 
Physical Phenomena Polish deposition = 0 
Physical Effects Adhesion between the polish and the 
nail by means of surface contact 
= 0 
Organs 
 
Position and delimitation of nails 
Marking out nail area to avoid spots 
Colour selection 
Painting system 
= 
= 
- 
+ Spray 
0 
Parts Colour deposits 
Brush 
Switch and buttons 
Support and delimitation surface 
- One deposit 
= 
= 
+ Nail sensor 
+ Air dryer 
1 

:KHQWKHFRPSDULVRQLVILQLVKHGWKHQXPEHURILPSURYHPHQWVSRVLWLYHLWHPV
DQGWKHQXPEHURIQHJDWLYHLWHPVDUHTXDQWLILHGIRUHDFKOHYHORIDEVWUDFWLRQ2QFHWKLV
KDVEHHQSHUIRUPHGIRUDOOWKHVROXWLRQVDUDQNRIQRYHOW\LVDVVLJQHGWRHDFKRQHLQ
VXFKDZD\WKDWWKHVROXWLRQZLWKWKHPRVWSRVLWLYHFKDQJHVRQWKHPRUHDEVWUDFWOHYHO
6WDWHFKDQJHLVWKHPRVWQRYHORQHLIWKHUHLVPRUHWKDQRQHVROXWLRQZLWKWKHVDPH
LPSURYHPHQWVDWWKH³6WDWHFKDQJH´OHYHOWKHQWKHRQHZLWKPRUHLPSURYHPHQWVDWWKH
³3K\VLFDOHIIHFWV´OHYHOLVWKHPRVWQRYHOLIPRUHWKDQRQHVROXWLRQSUHVHQWWKHVDPH
SRVLWLYHFKDQJHVDWWKLVOHYHOWKHQWKHQH[WOHYHOLVFRPSDUHGDQGVRRQ,QWKLVZD\
WKHHYDOXDWLRQRIWKHGHJUHHRIQRYHOW\LVUHODWHGWRWKHQXPEHURISRVLWLYHFKDQJHVD
EHWWHUVROXWLRQWKDQWKHVWDQGDUGRQHDQGQHJDWLYHFKDQJHVDZRUVHVROXWLRQWKDQWKH
VWDQGDUGRQH6RDVFDQEHGHGXFHGLQ7DEOHWKHGHVLJQUHSUHVHQWHGLQ)LJXUHLV
PRUHQRYHOWKDQWKHVWDQGDUGVROXWLRQ
7KHUHVXOWRIWKHHYDOXDWLRQLVVKRZQLQ7DEOHVDQGZKHUHRQO\WKH
6$33K,5(OHYHOVZKHUHWKHUHKDVEHHQDFKDQJHLQDWOHDVWRQHVROXWLRQDUHUHSUHVHQWHG
7KDWLVVLQFHWKHSK\VLFDOSKHQRPHQRQLVWKHVDPHIRUDOOWKHVROXWLRQVLWLVQRW
LQFOXGHGLQWKHVHWDEOHV7KHODVWFROXPQVKRZVWKHUDQNLQJSRVLWLRQRIWKHGHJUHHRI
QRYHOW\IRUWKHVROXWLRQVEHLQJHYDOXDWHG
7DEOH1RYHOW\HYDOXDWLRQUDQNIRUWKHQDLOSDLQWHUGHYLFHVROXWLRQV
Thinking 
style  
Group 7HFKQRORJ\ 6WDWH
FKDQJH
Inputs Physical 
effect 
Organs Parts Rank More or less 
novel than the 
standard 
solution 
A 1 No ICT 0 0 0 -1 2 14 Less 
A 2 No ICT 0 0 0 0 4 8 More 
B 6 No ICT 0 0 0 0 3 9 More  
B 10 No ICT 0 0 0 0 2 11 More  
B 16 No ICT 0 0 0 -1 0 18 Less 
C 5 No ICT 0 0 0 1 3 6 More  
C 19 No ICT 0 0 0 -1 2 14 Less  
D 3 No ICT 0 0 0 -1 -1 21 Less  
D 12 No ICT 0 0 0 -1 1 17 Less 
Mixed 13 No ICT 0 0 0 1 3 6 More 
B 8 ICT 1 0 0 -1 -1 4 More 
B 20 ICT 0 0 0 0 3 9 More  
C 7 ICT 1 0 0 0 -1 3 More 
C 9 ICT 0 0 0 0 0 13 Equal 
D 11 ICT 0 0 0 0 2 11 More  
D 15 ICT 0 0 1 1 1 5 More  
Mixed 4 ICT 0 0 -1 0 -1 20 Less 
Mixed 14 ICT 1 1 0 0 0 2 More 
Mixed 17 ICT 0 0 0 -1 0 18 Less 
Mixed 18 ICT 0 0 0 -1 2 14 Less 
Mixed 21 ICT 1 1 0 0 2 1 More  

7DEOH1RYHOW\HYDOXDWLRQUDQNIRUWKHILVKERQHUHPRYHUGHYLFHVROXWLRQV
Thinking 
style  
Group 7HFKQRORJ\ 6WDWH
FKDQJH
Inputs Physical 
effect 
Organs Parts Rank More or less 
novel than the 
standard 
solution 
B 8 No ICT 0 0 0 0 0 7 Equal  
B 20 No ICT 0 -1 0 0 -1 18 Less 
C 7 No ICT 0 -1 0 0 2 5 More 
C 9 No ICT 0 0 0 0 2 4 More 
D 11 No ICT 0 -1 0 0 0 13 Less 
D 15 No ICT 0 -1 0 1 0 2 More 
Mixed 4 No ICT 0 -1 0 0 3 3 More 
Mixed 14 No ICT 0 -1 0 0 -2 21 Less 
Mixed 17 No ICT 0 -1 0 0 -1 18 Less 
Mixed 18 No ICT 0 -1 0 0 -1 18 Less 
Mixed 21 No ICT 0 0 0 0 1 6 More  
A 1 ICT 0 0 0 0 0 7 Equal 
A 2 ICT 0 0 0 1 0 1 More 
B 6 ICT 0 0 0 0 0 7 Equal 
B 10 ICT 0 0 0 0 0 7 Equal 
B 16 ICT 0 0 0 0 0 7 Equal 
C 5 ICT 0 0 0 0 -1 16 Less 
C 19 ICT 0 -1 0 0 0 13 Less 
D 3 ICT 0 0 0 0 0 7 Equal 
D 12 ICT 0 -1 0 0 0 13 Less 
Mixed 13 ICT 0 0 0 0 -1 16 Less 
3.2. Comparison of the novelty rank in both environments 
7KHUDQNLQJLVDOVRUHSUHVHQWHGJUDSKLFDOO\LQ)LJXUHZKLFKKDVDKRUL]RQWDOD[LV
DQGDYHUWLFDOD[LV7KHYHUWLFDOD[LVGLYLGHVWKHILJXUHLQWRWZRSDUWVWKHOHIWVLGHVKRZV
WKHQRYHOW\UDQNRIWKHH[SHULPHQWDOFDVHVLQZKLFKWKHWHDPVZRUNHGZLWKIDFHWRIDFH
FRPPXQLFDWLRQDQGWKHULJKWVLGHUHSUHVHQWVWKHQRYHOW\RIWKHGHVLJQRXWFRPHV
JHQHUDWHGZKHQWKHWHDPVZRUNHGXVLQJ,&77KHKRUL]RQWDOD[LVUHSUHVHQWVWKHGHJUHH
RIQRYHOW\RIWKHVWDQGDUGVROXWLRQ66LQVXFKDZD\WKDWIURPWKLVD[LVWRWKHXSSHU
SDUWRIWKHILJXUHWKRVHGHVLJQVZKLFKDUHPRUHQRYHOWKDQWKH66DUHUHSUHVHQWHG
ZKHUHDVWKRVHVROXWLRQVWKDWDUHOHVVQRYHOWKDQWKH66DUHUHSUHVHQWHGEHORZWKH
KRUL]RQWDOD[LV7KHJUHDWHUWKHGLVWDQFHEHWZHHQWKHVROXWLRQDQGWKHKRUL]RQWDOD[LVLV
WKHPRUHOHVVQRYHOWKHVROXWLRQLV7KHILJXUHLVGLYLGHGLQWRYHUWLFDOVHFWLRQVZKLFK
UHSUHVHQWWKHOHYHORIWKH6$33K,5(PRGHOLQZKLFKWKHFKDQJHEHWZHHQWKHVROXWLRQ
DQGWKH66LVLGHQWLILHGSDUWRUJDQSK\VLFDOHIIHFWSK\VLFDOSKHQRPHQDVWDWHFKDQJH
DQGDFWLRQ7KHGHVLJQRXWFRPHVUHSUHVHQWHGRQWKHKRUL]RQWDOD[LVDUHHTXDOWRWKH66
LQWHUPVRIQRYHOW\,QWKLVILJXUHLWFDQEHREVHUYHGWKDWRYHUDOOWKHGHJUHHRIQRYHOW\
LVTXLWHVLPLODULQERWKHQYLURQPHQWVDOWKRXJKLWLVDOLWWOHPRUHQRYHOZKHQ,&7DUH
HPSOR\HG7KHSHRSOHSDUWLFLSDWLQJLQWKLVH[SHULPHQWEHORQJWRWKHGLJLWDODJHDQGDUH
IDPLOLDUZLWKWHFKQRORJLHVDQGYLUWXDOHQYLURQPHQWV7KLVFRXOGEHDUHDVRQZK\WKLV
HQYLURQPHQWGRHVQRWVHHPWRLQKLELWWKHFUHDWLYHSURFHVV
,WVHHPVWKDWWKHILQJHUQDLOSUREOHPLVPRUHPRWLYDWLQJVLQFHPRUHQRYHO
VROXWLRQVZHUHREWDLQHGIRULW,QIDFWWKHWRSILYHQRYHOVROXWLRQVZHUHREWDLQHGXVLQJ
,&7DQGIRUWKHILQJHUQDLOSUREOHP)RUWKHILVKERQHGHYLFHDOOWKHVROXWLRQVDUHPRUH
VLPLODUWRHDFKRWKHULQWHUPVRIWKHGHJUHHRIQRYHOW\DQGPDQ\RIWKHFKDQJHV
FRUUHVSRQGWRWKH³3DUWV´DQG³2UJDQ´OHYHOV$VUHJDUGVWKHW\SHRIHQYLURQPHQW
)LJXUHVKRZVWKDWLQWKH,&7HQYLURQPHQWWKHGLIIHUHQFHVEHWZHHQWKHGHJUHHVRI
QRYHOW\RIWKHUHVXOWVDUHKLJKHUWKDQZKHQQR,&7DUHXVHG
,WFDQEHREVHUYHGWKDWLQWKHILQJHUQDLOSDLQWHUGHYLFHSUREOHPWKHUHZHUHPRUH
FKDQJHVLQWKHGHJUHHRIQRYHOW\7KHPRVWSRVLWLYHFKDQJHZDVDWWKH³6WDWHFKDQJH´
OHYHOZKLFKZDVREWDLQHGLQIRXURIWKHVROXWLRQV,QFRQWUDVWWKHUHLVRQHGHVLJQ
RXWFRPHWKDWSUHVHQWVDZRUVHQLQJDWWKH³3K\VLFDOHIIHFW´OHYHOLQFRPSDULVRQWRWKH
VWDQGDUGVROXWLRQ
,QWKHGHVLJQRIDGHYLFHWRUHPRYHWKHILVKERQHWKHVROXWLRQVSUHVHQWPRGHUDWH
QRYHOW\FKDQJHV7KHPRVWQRYHOVROXWLRQLQWKLVSUREOHPDULVHVIURPDFKDQJHDWWKH
³2UJDQV´OHYHOZKHUHDVWKHOHDVWQRYHOVROXWLRQVSUHVHQWZRUVHIHDWXUHVDWWKH³3DUWV´
OHYHO+HQFHLWFDQEHGHGXFHGWKDWWKHW\SHRISUREOHPGLGKDYHVRPHLQIOXHQFHDQGWKH
FUHDWLYHSURFHVVZDVQRWHTXDOZKLFKFRXOGEHGXHWRWKHIDFWWKDWWKHSDUWLFLSDQWVLQWKH
H[SHULPHQWKDGGLIIHUHQWOHYHOVRIH[SHULHQFHDQGGLIIHUHQWPRWLYDWLRQVVLQFHWKH
SDUWLFLSDQWVZHUHODVW\HDUVWXGHQWVRQWKH%DFKHORURI,QGXVWULDO'HVLJQGHJUHHFRXUVH
DQGPRUHWKDQRIWKHPZHUHIHPDOHV,WFDQWKHUHIRUHEHDVVXPHGWKDWPRVWRIWKH
SDUWLFLSDQWVKDGSUHYLRXVH[SHULHQFHLQSDLQWLQJQDLOVDQGFRXOGEHPRUHPRWLYDWHGWR
WKLQNDERXWQHZVROXWLRQVZKHUHDVLWLVOLNHO\WKDWIHZRIWKHPKDGIDFHGWKHSUREOHPRI
KRZWRFOHDQDILVKDWKRPH,QIRUPDOFRQYHUVDWLRQVZLWKVWXGHQWVFRQGXFWHGDWWKHHQG
RIWKHH[SHULPHQWFRQILUPHGWKDWWKHPRWLYDWLRQZDVGLIIHUHQWIRUWKHWZRSUREOHPV
EHLQJORZHUIRUWKHSUREOHPUHODWHGWRILOOHWLQJILVK
)LJXUH1RYHOW\UDQNRIWKHGHVLJQRXWFRPHVIRUWKHWZRGHVLJQSUREOHPVDQGWKH
WZRHQYLURQPHQWV

,WFDQDOVREHREVHUYHGWKDWXVLQJ,&7OHDGVWRFKDQJHVLQWKHGHJUHHRIQRYHOW\
DWKLJKHUOHYHOVRIWKH6$33K,5(PRGHODOWKRXJKWKLVRQO\KDSSHQVZLWKWKHILQJHUQDLO
SDLQWHUSUREOHP/RRNLQJDWWKHGHJUHHRIQRYHOW\RIWKHVROXWLRQVREWDLQHGIRUWKLV
SUREOHPLWFDQEHVHHQWKDWZKHQWKHWHDPVXVH,&7WRFRPPXQLFDWHZLWKHDFKRWKHU
WKHGHJUHHRIQRYHOW\LVKLJKHUQRYHOW\DWWKH6WDWHFKDQJHOHYHOZKHUHDVZKHQWKH\
DUHZRUNLQJLQDIDFHWRIDFHHQYLURQPHQWWKHFKDQJHVLQWKHOHYHORIQRYHOW\RQO\UHDFK
WKH³2UJDQV´OHYHO,QWKHILVKERQHUHPRYHUGHYLFHWKHKLJKHVWOHYHORIQRYHOW\LVWKH
VDPHLQERWKW\SHVRIHQYLURQPHQWVEXWWKHUHDUHDKLJKHUQXPEHURIVROXWLRQVZLWKORZ
OHYHOLPSURYHPHQWVZKHQWKHWHDPVZRUNHGLQDIDFHWRIDFHHQYLURQPHQW
)URPWKHUHVXOWVREWDLQHGWKHUHVHHPVWREHDUHODWLRQVKLSEHWZHHQWKHNLQGRI
SUREOHPDQGKRZPXFKWKHGHVLJQSUREOHPPRWLYDWHVWKHGHVLJQHUVDQGWKHW\SHRI
HQYLURQPHQWYLUWXDORUWUDGLWLRQDO,QDIDFHWRIDFHHQYLURQPHQWWKHUHLVQRELJ
GLIIHUHQFHLQWKHOHYHORIQRYHOW\GHSHQGLQJRQKRZPXFKWKHGHVLJQSUREOHPPRWLYDWHV
WKHGHVLJQHUV\HWLI,&7DUHXVHGWKHQRYHOW\LVPRUHVHQVLWLYHWRKRZPXFKWKHGHVLJQ
SUREOHPPRWLYDWHVWKHGHVLJQHUV
7KHVXPRIWKHRUGLQDOVREWDLQHGLQWKHQRYHOW\UDQNLQJLVIRXQGIRUWKH
VROXWLRQVJHQHUDWHGLQIDFHWRIDFHJURXSVDQGIRUWKHVROXWLRQVREWDLQHGLQWKHYLUWXDO
JURXSV6LQFHWKHPRVWQRYHOVROXWLRQVKDYHWKHILUVWSRVLWLRQVILUVWVHFRQGWKLUGHWF
WKHORZHUWKHVXPLVWKHPRUHQRYHOWKHVROXWLRQVDUH)URP)LJXUHZKLFKVKRZV
WKLVVXPJUDSKLFDOO\LWFDQEHGHGXFHGWKDWLQERWKGHVLJQSUREOHPVWKHVROXWLRQVDUH
PRUHQRYHOZKHQ,&7ZHUHXVHGEXWWKHGLIIHUHQFHLVQRWYHU\ELJ





)LJXUH2UGLQDOVXPIRUWKHGHJUHHRIQRYHOW\DFFRUGLQJWRWKHW\SHRIHQYLURQPHQW
ZLWKLQIRUPDWLRQDQGFRPPXQLFDWLRQWHFKQRORJLHV,&7DQGZLWKRXWLQIRUPDWLRQDQG
FRPPXQLFDWLRQWHFKQRORJLHV1R,&7

$&KL6TXDUHWHVWZDVDSSOLHGWRWKHIUHTXHQF\RIGHVLJQRXWFRPHVWKDWDUHOHVV
HTXDOO\RUPRUHQRYHOWKDQWKHVWDQGDUGVROXWLRQLQERWKHQYLURQPHQWVDVVKRZQLQWKH
FRQWLQJHQF\WDEOH7DEOHWKHQXOOK\SRWKHVLV+EHLQJWKDWWKHHQYLURQPHQWDQGWKH
TXDOLWDWLYHGHJUHHRIQRYHOW\DUHLQGHSHQGHQW
7DEOH&RQWLQJHQF\WDEOHRIWKHGHJUHHRIQRYHOW\LQHDFKGHVLJQHQYLURQPHQW
 /HVVQRYHO (TXDOO\QRYHO 0RUHQRYHO
No ICT 10 1 10 
ICT 7 6 8 

7KHUHVXOWLVWKDW; !;FULWLF ZLWKGHJUHHVRIIUHHGRPDQGD
VLJQLILFDQFHYDOXHRIS 7KHUHIRUHWKHQXOOK\SRWKHVLVLVQRWUHMHFWHGZLWKWKH
DYDLODEOHGDWDDQGVRLWFDQQRWEHSURYHGWKDWWKHHQYLURQPHQWLQIOXHQFHVWKHTXDOLWDWLYH
QRYHOW\RIWKHGHVLJQRXWFRPHV
$6WXGHQW¶V7WHVWRISDLUHGVDPSOHVLVWKHQFRQGXFWHGWRFKHFNZKHUHWKHUHLVD
FRUUHODWLRQEHWZHHQWKHQRYHOW\UDQNRIDGHVLJQWHDPDQGWKHHQYLURQPHQWXVHG7RGR
WKLVWKHILUVWVWHSLVWRFKHFNZKHWKHUWKHGDWDIROORZDQRUPDOGLVWULEXWLRQRUQRW6LQFH
WKHVDPSOHVL]HLVORZHUWKDQD6KDSLUR:LONVWHVWZDVFDUULHGRXWRQWKHGDWDWKH
UHVXOWEHLQJWKDWWKDWWKH\FDQEHFRQVLGHUHGWRIROORZDQRUPDOGLVWULEXWLRQ7KH7WHVW
LVWKHQDSSOLHGFRQVLGHULQJWKHQXOOK\SRWKHVLVWREHWKDWWKHQRYHOW\UDQNREWDLQHGE\D
GHVLJQWHDPGRHVQRWGHSHQGRQWKHHQYLURQPHQW7KHIROORZLQJDUHWKHUHVXOWV
W GRI S DQGWKHYDOXHRIWKHELODWHUDOVWDWLVWLFWIRUGHJUHHVRI
IUHHGRPDQGĮ LVWFULW +HQFHWKHQXOOK\SRWKHVLVFDQQRWEHUHMHFWHGDQG
ZLWKWKHDYDLODEOHGDWDWKHWZRHQYLURQPHQWVJHQHUDWHQRVWDWLVWLFDOGLIIHUHQFHVLQWKH
OHYHORIQRYHOW\7KH:LOFR[RQWHVWZDVDOVRSHUIRUPHGDQGDJDLQWKHUHVXOWVVKRZHG
WKDWQRGLIIHUHQFHVFDQEHSURYHGEHWZHHQWKHQRYHOWLHVRIWKHGHVLJQRXWFRPHV
JHQHUDWHGLQWKHWZRHQYLURQPHQWV
7KXVLWFDQQRWEHGHWHUPLQHGZKHWKHUWKHFKRLFHRIDYLUWXDORUDIDFHWRIDFH
HQYLURQPHQWLQIOXHQFHVFUHDWLYLW\
3.3. Comparison of the novelty rank according to the thinking style and the 
environment 
)LJXUHVKRZVWKHQRYHOW\UDQNDFFRUGLQJWRWKHWKLQNLQJVW\OH$VKDVEHHQ
PHQWLRQHGDERYHWKHQXPEHURIFDVHVLVGLIIHUHQWIRUHDFKWKLQNLQJVW\OHWZRWHDPV
ZLWK$ORJLFDODQDO\WLFDOGRPLQDQFHILYHWHDPVZLWKDQRUJDQL]DWLRQDO%SURILOHIRXU
ZLWKSURILOH&KXPDQLWDULDQVIRXUZLWKD'KROLVWLFSURILOHDQGVL[PL[HGWHDPV
)LJXUH1RYHOW\UDQNRIWKHGHVLJQRXWFRPHVDFFRUGLQJWRWKHWKLQNLQJVW\OH
)URPWKHSRLQWRIYLHZRIWKHWKLQNLQJVW\OHZKHQSURILOH$DQG%WHDPVDUH
FRPSDUHGWKH\DUHVHHQWREHDOLWWOHPRUHFUHDWLYHZLWK,&77KXVWKHVHWKLQNLQJ
VW\OHV$DQG%SURGXFHPRUHQRYHOUHVXOWVZKHQWKH\DUHORFDWHGLQGLIIHUHQWSODFHV
DQGWKHFRPPXQLFDWLRQLVHIIHFWHGZLWK,&7)LJXUHVKRZVVFDWWHUSORWFKDUWVZLWK
WKHQRYHOW\UDQNRIWKHGHVLJQRXWFRPHVIRUHDFKWKLQNLQJVW\OH$VFDQEHVHHQDOOWKH
WHDPVZLWKSURILOH$DQDO\WLFDODQG%RUJDQL]DWLRQDOREWDLQHGKLJKHUQRYHOW\ZKHQ
WKH\XVHGYLUWXDOFRPPXQLFDWLRQWKDQZKHQWKH\ZRUNHGIDFHWRIDFH
,QWHUSHUVRQDOWHDPVDUHRQDYHUDJHEHWWHULQIDFHWRIDFHHQYLURQPHQWVDV
FRXOGEHH[SHFWHGVLQFHSHUVRQDOFRPPXQLFDWLRQLVDSURPLQHQWIHDWXUHRIWKLVWKLQNLQJ
VW\OH2QHRIWKHPRVWQRYHOVROXWLRQVRIWKLVSURILOHZDVREWDLQHGLQWKH,&7
HQYLURQPHQW+RZHYHUWKUHHRIWKHPSUHVHQWEHWWHUYDOXHVZLWKDIDFHWRIDFH
HQYLURQPHQW,QDQ\FDVHWKHWHDPWKDWSURGXFHGWKHPRVWQRYHORXWFRPHLQDYLUWXDO
HQYLURQPHQWDOVRUDQNVZHOOLQWHUPVRIQRYHOW\LQWKHIDFHWRIDFHHQYLURQPHQW

)XUWKHUPRUHSURILOH&KDVEHWWHUUHVXOWVLQIDFHWRIDFHWHDPVWKDQWKHRWKHUSURILOHV
+HQFHWKHUHVHHPVWREHDUHODWLRQEHWZHHQWKHWKLQNLQJVW\OHDQGWKHZRUNLQJ
HQYLURQPHQWVLQFHLQWHUSHUVRQDOWHDPV&GRPLQDQFHSURGXFHPRUHQRYHOVROXWLRQV
ZKHQWKH\FDQSDUWLFLSDWHLQGLUHFWIDFHWRIDFHLQWHUDFWLRQ
,PDJLQDWLYHWHDPVGRDOLWWOHEHWWHULQWKHYLUWXDOHQYLURQPHQW0RVWRIWKHVH
WHDPVDFKLHYHGPRUHQRYHOUHVXOWVZRUNLQJZLWK,&7DOWKRXJKWKHUHVXOWVVKRZPRUH
GLVSHUVLRQ7KLVFDQEHVHHQLQWKHIDFWWKDWWKHPRVWDQGWKHOHDVWQRYHORXWFRPHVZHUH
REWDLQHGLQWKHIDFHWRIDFHHQYLURQPHQWLQGHHGWKHVHFRQGPRVWQRYHORXWFRPHDQG
RQHRIWKHOHDVWQRYHORIDOOEHORQJWRWKLVSURILOH
7KHELJJHVWGLVSHUVLRQLVREVHUYHGZKHQGLIIHUHQWSURILOHVDUHPL[HGLQWKHVDPH
WHDP7KUHHRIWKHVL[PL[HGJURXSVZHUHPRUHQRYHOLQWKHYLUWXDOHQYLURQPHQWWZR
WHDPVZHUHEHWWHULQWKHIDFHWRIDFHHQYLURQPHQWDQGWKHRWKHUJURXSZDVHTXDOO\QRYHO
LQERWKFDVHV7KXVPL[HGJURXSVGRQRWVHHPWREHLQIOXHQFHGE\WKHHQYLURQPHQWRQ
DYHUDJHDOWKRXJKZLWK,&7WKH\JHQHUDWHWKHPRVWDQGWKHOHDVWQRYHOVROXWLRQV
ZKHUHDVLQWKHIDFHWRIDFHFRQGLWLRQWKHVROXWLRQVREWDLQHGDUHPRUHVLPLODUWRWKH66
 $VFDQEHVHHQLQ)LJXUHWKHPHGLDQRIWKHQRYHOW\UDQNORFDWHGDWWKH
FKDQJHRIFRORXULQWKHER[SORWVKRZVWKDWWKHPRVWQRYHOWHDPVDUHDQDO\WLFDOV$
IROORZHGE\VHTXHQWLDOV%LQWHUSHUVRQDOV&LPDJLQDWLYHV'DQGPL[HGWHDPV0
1RQHWKHOHVVGLVWULEXWLRQVVKRZWKDWWKHUHLVKLJKGLVSHUVLRQHVSHFLDOO\LQWKHWHDPV
ZLWKSURILOHV&'DQGPL[HG,QWKHIDFHWRIDFHHQYLURQPHQWLQWHUSHUVRQDOWHDPV&
DUHFOHDUO\WKHPRVWQRYHOZLWKORZGLVSHUVLRQ0L[HGWHDPVLQFUHDVHWKHLUQRYHOW\D
OLWWOHDQGSURILOHV$%DQG'GHFUHDVHWKHLUQRYHOW\LQWKHIDFHWRIDFHHQYLURQPHQWLQ
FRPSDULVRQWRWKHRYHUDOOGDWD,QDYLUWXDOHQYLURQPHQWSURILOHV$%DQG'LQFUHDVH
WKHLUQRYHOW\ZKHUHDVLQLQWHUSHUVRQDO&DQGPL[HG0WHDPVLWGHFUHDVHV









)LJXUH%R[SORWRIWKHQRYHOW\UDQNDFFRUGLQJWRWKHGRPLQDQWWKLQNLQJVW\OHRIWKH
WHDPV

7KHVFDWWHUSORWFKDUWV)LJXUHVKRZWKHUHVXOWVIRUHDFKGHVLJQWHDP
VHSDUDWHO\7KHWZRWHDPVZLWKSURILOH$LPSURYHWKHLUQRYHOW\ZKHQWKH\XVH
WHFKQRORJLHV7KHVDPHKDSSHQVZLWKVHTXHQWLDOWHDPV%WKHILYHWHDPVLPSURYHWKHLU
QRYHOW\LQDYLUWXDOHQYLURQPHQWEXWLQWKLVFDVHWKHGLIIHUHQFHLVQRWDVKLJKDVLQWKH
DQDO\WLFDOWHDPV7ZRRIWKHIRXULQWHUSHUVRQDOWHDPVDUHIDUPRUHQRYHOLQDIDFHWR
IDFHHQYLURQPHQWZKHUHDVWKHRWKHUWZRDUHVLPLODULQERWKHQYLURQPHQWVDOWKRXJK
VOLJKWO\PRUHQRYHOLQWKHYLUWXDOHQYLURQPHQW7KUHHRIWKHIRXULPDJLQDWLYHWHDPVDUH
PRUHQRYHOXVLQJWHFKQRORJLHVWRFRPPXQLFDWHZLWKHDFKRWKHUGXULQJWKHFUHDWLYH
SURFHVVDQGILQDOO\LQWKHPL[HGJURXSVWKHGDWDDUHYHU\GLVSHUVHGDQGWKHW\SHRI
HQYLURQPHQWGRHVQRWVHHPWRKDYHDQ\NLQGRILQIOXHQFHRQWKLVWHDPSURILOH











)LJXUH6FDWWHUSORWFKDUWVRIWKHQRYHOW\UDQNIRUHDFKWKLQNLQJVW\OH

:LWKWKHDYDLODEOHUHVXOWVLWLVQRWSRVVLEOHWRGHWHUPLQHVWDWLVWLFDOO\WKH
LQWHUDFWLRQEHWZHHQWKHWKLQNLQJVW\OHDQGWKHHQYLURQPHQWLQWHUPVRIWKHOHYHORI
QRYHOW\RIWKHGHVLJQRXWFRPHV,QVXPWKHVHSUHOLPLQDU\TXDOLWDWLYHILQGLQJVDUH
REWDLQHGIRUHDFKWKLQNLQJVW\OH
x $QDO\WLFDOWHDPV$VHHPWRSURGXFHWKHPRVWQRYHOUHVXOWVLQWKHYLUWXDO
HQYLURQPHQW
x ,WLVREVHUYHGWKDWVHTXHQWLDOWHDPV%KDYHWKHOHVVGLVSHUVLRQLQQRYHOW\:LWK
WKHGDWDDYDLODEOHWKH\DUHLQVHFRQGSODFHLQWKHYLUWXDOHQYLURQPHQWEXWLQWKH
IDFHWRIDFHVLWXDWLRQWKHGLVSHUVLRQLVKLJK
x ,QWKLVH[SHULPHQWLQWHUSHUVRQDOWHDPV&SURYLGHWKHPRVWQRYHOVROXWLRQVLQ
WKHIDFHWRIDFHHQYLURQPHQWZLWKDORZGLVSHUVLRQDVVKRZQLQ)LJXUH,Q
WKHYLUWXDOHQYLURQPHQWWKHQRYHOW\RIWKHLUUHVXOWVGHFUHDVHVVLJQLILFDQWO\
x ,PDJLQDWLYHWHDPV'KDYHWKHOHVVQRYHOVROXWLRQVLQWKHIDFHWRIDFH
HQYLURQPHQWDOWKRXJKLWLPSURYHVTXLWHDORWLQWKHYLUWXDORQH7KHUHODWLRQVKLS
EHWZHHQWKLVVW\OHDQGWKHQRYHOW\UDQNLVLQFRQFOXVLYH
x 0L[HGWHDPVKDYHWKHPRVWYDULHGQRYHOW\UDQNUHVXOWVDVFDQEHVHHQLQ)LJXUH
:LWKWKHGDWDIURPWKLVH[SHULPHQWWKLVLVWKHOHDVWQRYHOVW\OHLQWKHYLUWXDO
HQYLURQPHQW
x :LWKWKHDYDLODEOHUHVXOWVVKRZQLQ)LJXUHVDQGLWLVREVHUYHGWKDWWKH
QRYHOW\UHVXOWVRIWKHLQWHUSHUVRQDO&DQGWKHDQDO\WLFDOWHDPV$DUHWKHPRVW
GHSHQGHQWRQWKHZRUNLQJHQYLURQPHQWLQFRPSDULVRQWRWKHRWKHUWKLQNLQJ
VW\OHV
$VDFRQFOXVLRQLWFDQEHVDLGWKDWZLWKWKHGDWDFROOHFWHGWKHGRPLQDQW
WKLQNLQJVW\OHRIDGHVLJQWHDPGRHVVHHPWRLQIOXHQFHWKHGHJUHHRIQRYHOW\RIWKH
GHVLJQRXWFRPHV7KLVLQIOXHQFHVHHPVWRGHSHQGRQWKHNLQGRIHQYLURQPHQWYLUWXDORU
IDFHWRIDFHHVSHFLDOO\IRULQWHUSHUVRQDODQGDQDO\WLFDOWKLQNLQJVW\OHV
$SRVVLEOHUHDVRQZK\DQDO\WLFDOWHDPVDUHPRUHQRYHOLQWKHYLUWXDOHQYLURQPHQWLVWKDW
WKHODFNRIYLVXDOFRPPXQLFDWLRQZLWKWKHRWKHUWHDPPHPEHUVPDGHWKHPIHHOIUHHU
PRUHFRPIRUWDEOHDQGXQLQKLELWHGWRSURSRVHQRYHOLGHDVWKDQLQWKHIDFHWRIDFH
HQYLURQPHQW7KLVFRXOGEHGXHWRWKHIDFWWKDWFRPPXQLFDWLRQSUHIHUHQFHVRIDQDO\WLFDO
SHRSOHDUHEDVHGRQSUHFLVHDQGDFFXUDWHGDWDDQGDVWUDLJKWIRUZDUGVW\OH+HQFHWKH
YLUWXDOHQYLURQPHQWSURYLGLQJDFKDWDQGDVKDUDEOHVNHWFKLQJDUHDVHHPVZHOOVXLWHGWR
DQDO\WLFDOWHDPV
&RQYHUVHO\IRULQWHUSHUVRQDOWHDPVWKHIDFHWRIDFHHQYLURQPHQWDOORZVJHVWXUHVRSHQ
GLVFXVVLRQVDQGSHUFHSWLRQRIYRLFHWRQHDQGIDFLDOH[SUHVVLRQV$OOWKHVHIHDWXUHV
FRLQFLGHZLWKLQWHUSHUVRQDOFRPPXQLFDWLRQSUHIHUHQFHVDQGFRXOGEHWKHUHDVRQZK\
WKH\KDYHEHHQPRUHQRYHOLQWKHIDFHWRIDFHHQYLURQPHQW
/LPLWDWLRQVDQGFRPSDULVRQZLWKRWKHUVWXGLHV
$OWKRXJKWKHQRYHOW\LVRYHUDOODOLWWOHKLJKHUZKHQ,&7DUHHPSOR\HGWKHUHDUHQR
VLJQLILFDQWGLIIHUHQFHVIURPWKHVWDWLVWLFDOSRLQWRIYLHZ,WWKHUHIRUHVHHPVWKDWDGHVLJQ
WHDPFDQZRUNWRJHWKHUWRJHQHUDWHFUHDWLYHVROXWLRQVE\PHDQVRIHLWKHUIDFHWRIDFHRU
YLUWXDOFRPPXQLFDWLRQ,QWKLVH[SHULPHQWWKHYLUWXDOHQYLURQPHQWGLGQRWDOORZDXGLR
YLVXDOFRPPXQLFDWLRQRQO\FKDWFDSDELOLWLHVDQGWKHVKDUDEOHGUDZLQJDSSOLFDWLRQZHUH
DYDLODEOH(YHQWKRXJKLQLWLDOO\WKHDEVHQFHRIDXGLRFRPPXQLFDWLRQZDVH[SHFWHGWREH
DGLVDGYDQWDJHLWGLGQRWOHDGWROHVVQRYHOUHVXOWV2QHUHDVRQIRUWKLVFRXOGEHWKDW
XQOLNHWKHIDFHWRIDFHHQYLURQPHQWWKHGHVLJQHUVXVHGWKHFKDWDSSOLFDWLRQDOPRVW
H[FOXVLYHO\WRFRQWULEXWHWRWKHDVVLJQHGWDVNWKXVUHGXFLQJWKHQXPEHURI
FRQYHUVDWLRQVWKDWZHUHQRWUHODWHGWRWKHGHVLJQSUREOHP$QRWKHUUHDVRQFRXOGEHWKDW
WKHODFNRISK\VLFDOSUHVHQFHRIWKHUHVWRIWKHWHDPPHPEHUVFRXOGOHDGWRDKLJKHU
OHYHORIFRQFHQWUDWLRQRQWKHGHVLJQSUREOHPZKLFKWRDFHUWDLQH[WHQWRIIVHWWKH
FRPPXQLFDWLRQOLPLWDWLRQV
:KHQWKHUHVXOWVDUHFRPSDUHGLQUHODWLRQWRWKHWKLQNLQJVW\OHLWLVREVHUYHG
WKDWSURILOHV$DQG%SURGXFHPRUHQRYHOUHVXOWVLQWKHYLUWXDOHQYLURQPHQWZKHUHDV
WHDPVZLWKSURILOH&FKDUDFWHUL]HGE\LQWHUSHUVRQDOLQWHUDFWLRQVDUHPRUHQRYHOLQ
IDFHWRIDFHFRPPXQLFDWLRQ
0L[HGWHDPVSURGXFHGOHVVQRYHORXWFRPHVZKLFKFRXOGEHGXHWRWKHIDFWWKDW
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